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ABSTRACT 

A pumping l a s e r  a t  0.k73p having a bandwidth of about 4 cm-' has 

been used t o  construct  a  parametric osc iL la to r  having a bandwidth of  

about 1/4 ern-' and tunable from about 2.4% t o  3.2p . It i s  shown t h a t  

f o r  such an o s c i l l a t o r  t h e r e  i s  a  s i g n i f i c a n t  advantage i n  resonating 

t h e  I - R  wave ins tead of t h e  v i s i b l e  wave. 

* 
The por t ion of t h i s  work conducted a t  Stanford University was 

sponsored j o i n t l y  by t h e  A i r  Force Cambridge Research Laboratories 
under Contract F 19(628)-70-~-0077, and by t h e  National Aeronautics 
and Space Adn~ini s t r a t i o n  under NASA Grant NGL-05-020-103. 

https://ntrs.nasa.gov/search.jsp?R=19700030081 2018-07-23T15:35:46+00:00Z



PUMP 1,INEWIDTII lIEQUJREFE?TI' lilOIi Olr7TICAL I'AItilMETKIC OSCILLATORS 

J, F. Young, R .  B. Miles,  S. E. Ha r r i s ,  

Microwave Laboratory 
S tan fo rd  Un ive r s i t y  
S tanford ,  C a l i f o r n i a  

and 

R .  W. Wallace 

Chromatix, Inc.  
1145 Ter ra  Be l l a  Avenue 

M t .  View, C a l i f o r n i a  

It has  been shown t h a t  s i n g l y  resonant  o p t i c a l  paramet r ic  o s c i l -  

l a t o r s  have f a r  g r e a t e r  s p e c t r a l  s t a b i l i t y  t hen  t h e  previous ly  con- 

s t r u c t e d  doubly resonant  o s c i l l a t o r s .  * The p re sen t  L e t t e r  shows 

t h a t ,  i n  add i t i on ,  such s i n g l y  resonant  o s c i l l a t o r s  may be cons t ruc ted  

us ing  a r e l a t i v e l y  broad band multi-mode pumping l a s e r ,  and s t i l l  y i e l d  

-1 
a narrow band s p e c t r a l  ou tput .  I n  p a r t i c u l a r  a  4 cm wide pump a t  

0.473p has  been used t o  cons t ruc t  a paramet r ic  o s c i l l a t o r  having a  

-I 1/4  cm wide s p e c t r a l  ou tput  t unab le  from 2.4% t o  3.2p . 
We cons ider  t h e  case where t h e  s i g n a l  frequency i s f i x e d  by t h e  

o p t i c a l  r e sona to r  and i n t e r a c t s  wi th  a broad band pump t o  generat,e a  

non-resonant broad band i d l e r .  The al lowable pump bandwidth such t h a t  

a l l .  modes o f  t h e  pumping l a s e r  a c t  i n  unison t o  produce gain i s  determined 

by -the a l lowable  momentum mismatch &L e fi , where L i s  t h e  l e n g t h  of  

t h e  nonl inear  c r y s t a l ,  For t h i s  case,  t h e  momentum mismatch due t o  



a punp b s ~ ~ c l w i  d1,h Cil, i s  given by 
P 

and thus t h e  allowable pump bandwidth i s  approximately 

As a r e s u l t  of normal dispersion L4u i s  s i g n i f i c a n t l y  l a r g e r  i f  
P 

t h e  f r e e  o r  non-resonated frequency i s  t h e  frequency neares t  t o  t h e  pump. 

For t h e  case of LiNbO with a pump a t  0.473p , t h e  s igna l  and i d l e r  f r e -  
3 

quencies a t  0.56% and 2.7% , respect ively ,  evaluation of Eq. ( 2 )  using 

t h e  Sellmeier equations f o r  LiNbO ,5  ind ica tes  t h a t  the  allowable pump 
3 

bandwidth i s  about s i x  times l a r g e r  i f  t h e  I - R  frequency i s  resonated a s  

it i s  i f  t h e  v i s i b l e  frequency i s  resonated. 

For our 3 .2  cm LiNbO c r y s t a l  t h e  allowable pump bandwidths a r e  
3 

-1 -1 
&u ( v i s i b l e  resonant)  = 0 . 9  cm , while rn (I-R resonant) = 5.8 cm . 

P P 

The s p e c t r a l  envelope of t h e  doubled 0.946 l i n e  of our Nd:YAG pumping l a s e r  

-1 i s  about 4 cm . Thus a l l  t h e  pump power should be e f fec t ive  i n  d r iv ing  

an o s c i l l a t o r  which resonates t h e  I - R  wave, while only about one-fourth of 

t h e  pump s p e c t r a l  power would be ava i l ab le  t o  an o s c i l l a t o r  resonating the  

v i s i b l e  wave. 

A s ingly  resonant parametric o s c i l l a t o r  which resonated t h e  I - R  wave 

was successful ly  b u i l t .  Figure 1 shows t h e  spectral.  envelopes of the  ptmip, 

non-resonant v i s i b l e  wave, and t h e  resonant I - R  wavc as  measured by 3. 1 meter 



FIG. I--Spectra of pmip; non-resonant wave; and resonant wave. 



- 1. 
Spex spectrometer having a resol.ui;:i.on o f  ahout 0,lc cm i n  t h e  v i s i b l e ,  

- 1 and 0 . 1  cm i n  the  I-R . The spectrometer scan r a t e  and the  o s c i l l a t o r  

pulse r a t e  were adjus ted  so t h a t  about 50 pulses were averaged within 

each resolvable  frequency i n t e r v a l .  As expected, t h e  f r e e  i d l e r  has 

picked up t h e  width of  t h e  pump while t h e  resonated i d l e r  remains qu i t e  

narrow. I n  general,  t h e  o s c i l l a t o r  operated very s t a b l y  with excel lent  

pulse-to-pulse reproduc ib i l i ty ,  and a conversion e f f i c iency  of  pump t o  

tunable r a d i a t i o n  of  about 5 9  . 6 

An attempt t o  const ruct  an o s c i l l a t o r  which resonated t h e  v i s i b l e  

wave was unsuccessful  u n t i l  an i n t e r n a l  e t a lon  was used t o  narrow t h e  

l a s e r  spectrum. Even then t h e  o s c i l l a t o r  was only marginally above 

threshold  and operated e r r a t i c a l l y  a t  low power. 

This work has thus  shown t h a t  when const ruct ing a s ingly  resonant 

o p t i c a l  parametric o s c i l l a t o r  with a r e l a t i v e l y  broad band pump, a s ig -  

n i f i c a n t  advantage can be obtained by choosing %he resonated wave t o  be 

t h a t  which i s  f u r t h e s t  i n  frequency from t h e  pump. By using an e ta lon 
2 

i n s i d e  t h e  p a r m e t r i c  o s c i l l a t o r  cavity, s t i l l  narrower I-R outputs w i l l  

be  obtainable;  and w i l l  again u t i l i z e  t h e  f u l l  power of t h e  r e l a t i v e l y  

wide band pumping l a s e r .  

The authors thank R.  L.  Byer and R. C. Rempel f o r  a number of he lp fu l  

discussions.  
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